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This issue’s Immunology Select highlights recent studies that provide insight into the timing and regulation of both innate
and adaptive immune responses. Recent work in the fruit fly shows that enhanced stem cell proliferation in the intestine
maintains tissue homeostasis in the face of bacterial infection. Other recent findings include a new factor involved in regu-
latory T cell function, a role for RNA interference in systemic antiviral immunity, an examination of the course of infection of
highly pathogenic influenza viruses, and a clever means by which a bacterial pathogen masquerades as host tissue.
Drosophila and Bacterial Infection: Time for a Gut
Check
Although the intestine is a frequent route for the entry of pathogenic microorganisms, the
changes in thegut after infection andhowgut homeostasis ismaintainedare incompletely
understood. Buchon et al. (2009) recently reported a comprehensive analysis of the
changes in gene expression that occur in the Drosophila gut in response to infection by
the bacterium Erwinia carotovora. They demonstrate that bacterial infections trigger
expression of a combination of immune, stress, and developmental signaling pathways.
In the immune system, they show that these responses are not monolithic: signaling
through the Imd and Jak/Stat pathways is increased, whereas signaling through the
Toll pathway is not. Subsequent analysis showed that both the Imdand Jak/Stat signaling
pathways appear to have a particularly important role in the production of antimicrobial
peptides. Infection by E. carotovora also leads to an increase in stem cell proliferation
and production of epithelial cells. These changes are likely to be mediated by altered
expression of components of growth factor and morphogen signaling pathways,
including elements of the Hedgehog, Notch, and epidermal growth factor pathways.
The authors suggest that these pathways are upregulated in order to maintain intestinal
homeostasis, countering the cell death that occurs as a secondary consequence of the
reactive oxygen species released during the immune response against the bacterial
invaders. These findings provide the basis for numerous future studies that will further
explore the timing and connectivity of these interwoven pathways.
N. Buchon et al. (2009). Cell Host Microbe 5, 200-211.
Regulatory T Cells Learn Their Tricks from
Effector T Cells
Regulatory T (Treg) cells control the duration and intensity of immune responses by
constraining the activity of effector T cells. Zheng et al. (2009) now identify a transcrip-
tion factor that confers upon Treg cells the ability to control the responses of a specific
type of effector T cell, known as a TH2 cell. They build on their prior discovery that
Foxp3, a pivotal regulator of the Treg cell lineage, controls expression of a number
of other transcription factors, which act as deputies in the overall transcriptional
program triggered by Foxp3. In their current work, these authors delve further into
the function of one of these transcription factors, interferon regulatory factor-4
(IRF4). They show that genetic ablation of IRF4 in the Treg cell lineage of mice leads
to selective enhancement of TH2 responses, leading to autoimmune lymphoprolifera-
tive disease. A compelling twist to the story stems from the fact that IRF4 is also known
to be critical for the differentiation of TH2 cells. Hence, these findings reveal that IRF4
has the surprising capacity to direct both effector and regulatory aspects of the same
immune response, conferring a particular specificity onboth. In otherwords, Treg cells
via Foxp3 commandeer a factor involved in the differentiation of a particular effector
T cell subtype and use that factor to mitigate the effector T cell response. This notion
could represent a general principle of Treg cell function and will motivate the search
and characterization of additional factors that are shared between effector and regulatory T cell lineages and that control
specific features of both.
Y. Zheng et al. (2009). Nature. Published online February 18, 2009. 10.1038/nature07674.
The Ever-Expanding Influence of RNAi
In the fruit fly Drosophila, RNA interference (RNAi) mediates localized immune responses to viral infection. Saleh et al. (2009)
now show that in addition to this local response, RNAi is also a component of systemic antiviral immunity. These findings
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present an interesting juxtaposition of the pathogen-specific immune responses of vertebrates and insects. Unlike the
systemic immune response in vertebrates, which is mediated by protein factors, the proposed mediator in this case is
double-stranded RNA (dsRNA). The authors provide evidence that dsRNA derived from Drosophila C virus (DCV) or Sindbis
virus becomes distributed throughout adult flies during the course of infection. This dsRNA is then internalized by cells via
a recently identified endocytic pathway. Once internalized, RNAi is engaged and cells are offered a degree of protection
against the invader. When this uptake pathway is disrupted, the systemic antiviral RNAi response is dramatically attenuated
and viral titers balloon. A facet of this pathway that is currently unclear and may be an avenue for further exploration is the
mechanism by which the dsRNA signals are disseminated from infected cells, which may involve cell lysis or a regulated
pathway of dsRNA secretion.
M.-C. Saleh et al. (2009). Nature. Published online February 8, 2009. 10.1038/nature07712.
Avian Influenza Disrupts Innate Immune Response
and Beyond
The factors that make certain influenza viruses particularly deadly, most famously
avian H5N1 virus and the influenza virus causing 1918 pandemic flu, are of major
public health interest. According to Baskin et al. (2009), the timing and duration of
the innate immune response in nonhuman primate hosts provides a key indicator of
outcome of infection by highly pathogenic influenza viruses, and the H5N1 avian virus
may disrupt certain components of the adaptive immune response as well. The
authors studied the course of infection in cynomolgus macaques inoculated with
one of four different viruses: (1) a control strain that is not highly pathogenic, (2) a strain
engineered to express the hemagglutinin (HA) and neuraminidase (NA) genes of the
1918 virus, (3) a strain similarly engineered that expresses 1918 HA, NA, and
nonstructural protein 1 (NS1), or (4) the highly pathogenic avian H5N1. By studying
the time course of the macaque response using microarrays in addition to pathology,
the authors observe that the innate immune response is triggered early (in the first day)
of infection and is sustained longer for the engineered strains and the avian H5N1
virus than for the control strain, an effect that is most dramatic for H5N1. Although
more virulent than control strains, the engineered 1918 viruses were less pathogenic than the fully reconstructed virus (exam-
ined in prior work). This was surprising given that high virulence has been observed for the engineered viruses (particularly the
1918 HA and NA virus) in mouse models and suggests that additional virulence determinants of the 1918 influenza virus that
are specific to infection in nonhuman primates (and presumably humans) await discovery.
C.R. Baskin et al. (2009). Proc. Natl. Acad. Sci. USA. Published online February 13, 2009. 10.1073/pnas.0813234106.
Pathogen Protein Masquerades as a Host Sugar
Many pathogenic bacteria have evolved mechanisms to recruit host factors to prevent
being killed by the complement cascade, which mediates self/non-self recognition as
part of the host’s innate immune response. Schneider et al. (2009) have recently uncov-
ered a clever new means by which the bacterium Neisseria meningitidis, a causative
agent of bacterial meningitis, pulls the wool over the eyes of the host immune system.
Prior work has shown that N. meningitidis recruits a host complement control protein,
called factor H, and takes refuge in the safety that it provides, given that the native
role of factor H is to prevent the complement system from inadvertently recognizing
self tissue as non-self. Schneider et al. first determined which of the 20 complement
control protein (CCP) domains of factor H mediate its interaction with the bacterial
protein that recruits it (factor H binding protein, fHbp) and discover that it is domains
CCP6 and 7. They then determined the crystal structure of fHbp in a complex with
CCP6 and 7, which reveals that fHbp interacts with factor H in a way that mimics carbo-
hydrates that decorate the surface of host cell surface proteins. Identification of this
unique interface may enable future efforts to focus on the development of vaccines or
drugs that block the interaction of factor H and fHbp.
M.C. Schneider et al. (2009). Nature. Published online February 18, 2009. 10.1038/
nature07769.
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